Hokkaido
Five other viruses belonging to the potyvirus group, i.e. bean yellow mosaic virus(BYMV)3), beet mosaic virus(BMV)4), lettuce mosaic virus (LMV))6), potato virus Y(PVY) 12) and turnip mosaic virus(TuMV)6), were used for serological comparison with AV1-J.
Purification. Infected asparagus leaves were homogenized in 0.5M borate buffer, pH8.0, containing 0.05M ethylenediaminetetraacetic acid (EDTA) and 0.1% thioglycolic acid, and chloroform at the rate of 1:1:1(w/v/v). After low-speed centrifugation (5,000rpm for 10min in a Hitachi RPR 12-2 rotor), n-butanol was added to the aqueous phase up to a final concentration of 8%, and stirred for 1hr. The mixture was centrifuged at 8,000rpm
for 10min, and then the supernatant was centrifuged at 40,000rpm for 90min in an International 410 rotor. The resulting pellets were each dissolved in 0.05 M borate buffer, pH 8.0, containing 0.002M EDTA (resuspending buffer), and the pooled suspension was centrifuged at 40,000rpm for 90min.
The resulting pellets were dissolved in the resuspending buffer. After low-speed centrifugation (8,000rpm for 10min), these suspensions were layered onto 10-40% sucrose density-gradients in suspending buffer, and the gradients were centrifuged at 24,000rpm for 120min in an International SB110 rotor. The resulting opalescent band was collected by using an ISCO density-gradient fractionator. Infectivity of the band was evaluated by inoculation to C.amaranticolor. Serology. Antiserum against the virus was obtained by subjecting a rabbit to three intramuscular injections of 1ml of purified AV1-J (0.5mg/ml in saline) emulsified with an equal volume of Freund's complete adjuvant at 3-week intervals. Blood was collected from the rabbit 3 weeks after the final injection.
For comparison with this virus, each of the antisera against TuMV, BYMV, LMV, BMV and PVY was prepared using the same procedure as mentioned above. SDS-immunodiffusion test was conducted according to the method of Gooding and Bing7).
Electron microscopy.
The purified virus and crude leaf extract were negatively stained with 2% phosphotungstic acid, pH 7.0, and examined under a Hitachi HU12 electron microscope.
Small pieces of systemically infected leaves of asparagus and locally infected leaves of C.amaranticolor were fixed with 2.5% glutaraldehyde in Host range of asparagus virus 1-J isolated from asparagus Purification Infectivity was restricted to the resulting opalescent band purified by the procedure mentioned above. In electron micrographs of the purified virus preparations, numerous flexuous rods about 750nm in length were observed(Plate I.5).
The ultraviolet absorption spectrum of purified virus that showed maximum values at 260 nm and minimum values at 247nm was typical of that of nucleoprotein.
A 260/280 ratio was 1.24.
Serology
The homologous titers of the antisera used in the present study were as follows: AV1-J 1/512, TuMV 1/1024, LMV 1/1024, BYMV 1/1024, PVY 1/1024 and BMV 1/512. SDS-immunodiffusion test and ring interface precipitin test were carried out to determine the serological relationships between AV1-J and five other potyviruses. In SDS-agar gel plate, AV1-J antiserum reacted positively with partially purified AV1-J and crude sap of infected leaves, but did not react with TuMV, BYMV, LMV, BMV, and PVY. However, in ring interface precipitin test, TuMV, BYMV and LMV reacted with diluted AV1-J antiserum at the titers of 1/16, 1/8 and 1/16, respectively. PVY or BMV failed to react with undiluted AV1-J antiserum.
In the ring interface precipitin test, AV1-J reacted with each of the diluted antisera against TuMV, LMV and BYMV at the titers of 1/64, 1/64 and 1/8, respectively, but not with the antisera against PVY or BMV.
Electron microscopy Filamentous particles of AV1-J were readily observed in leaf dip-preparations from asparagus.
One hundred sixty-two particles were measured, using tobacco mosaic virus as standard.
The distribution of particle length is shown in Fig. 1 . In forty-five percent of the particles the length ranged between 700 and 750nm, with a modal length of 746nm and the width of the particle was 13nm (Plate I. 4). In purified preparations, particles with the modal length and also fragmented particles were contained(Plate I.5). In thin sections of asparagus and C.amaranticolor infected with AVl-J, cytoplasmic inclusions were found (Plate I.6,7 and Plate II.3), besides the presence of characteristic vesicular structures(Plate I.6). Viruslike particles were found to be scattered in the periphery of the vesicular structures in the cytoplasm(Plate II.1 and 2) or regularly distributed along the arms of the pinwheels (Plate II.3).
No viruslike particles or cytoplasmic inclusions were observed in healthy asparagus tissues.
Discussion
So far, several viruses have been isolated from asparagus plants such as asparagus virus 2 9,11,13) tobacco streak virus 1,11), cucumber mosaic virus 15), tobacco mosaic virus 2), arabis mosaic virus 14), strawberry latent ring spot virus 14), and tomato black ring virus 14), In 1960, filamentous virus particles were isolated from asparagus in Germany for the first time, and designated as asparagus virus 1 (AV1) 8). On the basis of the morphology of the virus particles, types of inclusions induced by the virus, and mode of aphid-transmission, it was considered that AV1-J belonged to the potyvirus group. AV1-J had a limited host range, and induced characteristic local lesions without subsequent systemic inf ection on hosts except for asparagus plants.
Although the infectivity to S. oleracea and B. vulgaris, and physical properties were slightly different from those of AV1, AV1-J reported here closely resembled AV1 described by Hein 10).
In SDS-agar gel double diffusion tests, no reaction was observed between AV1-J antiserum and TuMV, BYMV, LMV, BMV and PVY, respectively. In the ring interface precipitin tests, however, AV1-J antiserum reacted weakly with TuMV, LMV and BYMV.
Furthermore, AV1-J reacted weakly with the antisera against TuMV, LMV and BYMV. From these results, it is considered that AV1-J might be serologically related to TuMV, LMV and BYMV, but not to PVY and BMV.
Although infection with AV1 was reported to cause yield reduction of asparagus 10), infection with AV1-J did not appear to any visible symptoms on plants either in greenhouse or field. Since asparagus plant is a long-life crop, we are currently 
